(19) 



(12) 




(43) Date of publication: 

03.012001 Bulletin 2001/01 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 065 795 A2 

EUROPEAN PATENT APPLICATION ANKOM 

(51) IntCI. 7 : H04B 1/707 2004 -Q5" 1 3 



(21) Application number 00113815.5 

(22) Date of filing: 29.06.2000 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 


• Mlya, Kazuyukl 


NIC NL PT SE 


Kawasakl-shl, Kanagawa 215-0021 (JP) 


Designated Extension States: 


• Imalzuml, Satoshl 


ALLTLVMKRO SI 


Yokosuka-shl, Kanagawa 239-0831 (JP) 


(30) Priority: 02.07.1999 JP 18909399 


(74) Representative: 


(71) Applicant 


GrQnecker, KInkeldey, 


Stockmalr & Schwanhausser 


Matsushita Electric Industrial Co., Ltd. 


Anwaltssozletat 


Kadoma-shI, Osaka 571-8501 (JP) 


Maxlmlllanstrasse 58 




80538 Munchen (DE) 



CM 
< 

in 
o> 

in 

CD 



(54) CDMA communication terminal apparatus and radio reception method 



(57) Received level measurement circuit 1071 per- 
forms received level measurement using input 
despread traffic channel data. Received level measure- 
ment circuit 1 072 performs received level measurement 
using input despread common control channel data. 
These received levels are respectively output from 
received level measurement circuits 1071 and 1072 to 
correlation circuit 1075. Correlation circuit 175 first per- 



forms correlation calculation between paths in respec- 
tive profiles of the traffic channel and common control 
channel each generated based on respective received 
level. Based on the result of the correlation calculation, 
path selection is performed to determine a reception 
timing. 
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Description 

BACKGROUND OF THE INVENTION 
Reld of the Invention 

[0001] The present invention relates to a communi- 
cation terminal apparatus and radio reception method in 
a digital radio communication system, and more partic- 
ularly, to a communication terminal apparatus and radio 
*^ reception method in a Direct Sequence-Code Division 
Multiple Access system in which forward transmission 
directional control is applied using a smart antenna and 
adaptive array antenna. Description of the Related Art 
[0002] Conventionally in the case where traffic 
channel signals and common control channel signals 
are transmitted with the same transmission method 
(both with omnidirectional), dedicated physical channel 
(traffic channel) signals are controlled with a very limit 
received level (Eb/NO or SIR) providing a required qual- 
ity by transmit power control to improve the spectral effi- 
ciency. 

[0003] On the contrary, with respect to the common 
control channel signals, in order to enable all communi- 
cation terminals in a service area to receive surrounding 
cell information for a handover, in other words, to enable 
all the communication terminals in the service area to 
ensure received qualities higher than a predetermined 
level, the signals are generally transmitted to the termi- 
nals in the service area and around the service area 
with power higherthan that of the traffic channel signals. 
[0004] Accordingly in the above-mentioned case, in 
each of the communication terminals, a searcher, which 
selects a path of the traffic channel signals, in other 
words, which detects a timing for despreadihg process- 
ing, operates using as references the common control 
channel signals that have higher power levels than the 
traffic channel signals without using entire traffic chan- 
nel signals, to perform the search with high reliability. 
[0005] In a base station, the common control chan- 
nel (for example, CCPCH: Common Control Physical 
CHannel) signals are usually transmitted with omnidi- 
rectional (omni or sector), and on the contrary, the traffic 
channel (DPCH: Dedicated Physical CHannel) signals 
are sometimes transmitted with directional control using 
a transmission radiation pattern. In this case, as illus- 
trated in RG.1, the base station transmits the traffic 
channel signals to communication terminal 1 with the 
omnidirectional. Accordingly communication terminal 1 
receives all signals passed through path 1 on which the 
signals directly arrive at communication terminal 1 from 
base station 2, and paths 2 and 3 respectively on which 
the signals are reflected by obstacles 3 and 4, and 
arrive at communication terminal 1. Therefore a delay 
profile is as illustrated in FIG. 1 B. 
[0006] On the contrary, in the case where transmis- 
sion directional control is applied to the traffic channel 
signals, as illustrated in FIG.2A, transmission Is per- 



formed with a radiation pattern indicated with X. In this 
case, since propagation paths are limited, communica- 
tion terminal 1 receives signals passed through path 1 
on which the signals directly arrive at communication 
5 terminal 1 from base station 2, and path 3 on which the 
signals are reflected by obstacle 4, and arrive at com- 
munication terminal 1 from base station 2, and does not 
receive the signals passed through path 2 on which the 
signals are reflected by obstacle 3, and. arrive at com- 
w munication terminal 1 from base station 2. Therefore the 
delay profile is as illustrated in FIG.2B. 
[0007] Thus, since the directional controlled traffic 
channel limits propagation paths thereof, propagation 
paths are different between the traffic channel and the 
is common control channel, and thereby delay profiles 
become different In this case, as can be seen from 
FIGS.1B and 2B, path 2 that is not contained in the 
delay profile of the traffic cannel is present in the delay 
profile of the common control channel. Therefore there 
20 is a problem that the searcher selects a wrong path 
when operates using the common control channel sig- 
nals as references as described above. 
[0008] On the other hand, when the searcher oper- 
ates using the traffic channel signals as references, 
25 since the signals are controlled with the very limit 
received level providing the required quality by the 
transmit power control, the reliability of path selection is 
decreased. 

30 SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to pro- 
vide a communication terminal apparatus and radio 
= reception method capable of performing path selection 
35 accurately with high reliability even in the case where a 
base station performs directional controlled transmis- 
sion. 

[001 0] ft is a subject of the present invention that in 
a DS-CDMA system in which forward transmission 

40 directional control is applied using, for example, a smart 
antenna and adaptive array antenna, a communication 
terminal performs correlation calculation between a 
delay profile of a dedicated physical channel and a 
delay profile of a common control channel, and thereby 

45 performs path selection (finger selection) accurately 
with high reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [001 1] The above and other objects and features of 
the invention will appear more fully hereinafter from a 
consideration of the following description taken in con- 
nection with the accompanying drawing wherein one 
example is illustrated by way of example, in which; 

55 

RG.1 A is a diagram to explain omnidirectional 
transmission; 

FIG.1 B is a diagram illustrating a delay profile in the 
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case illustrated in FIG.1 A; 

FIG.2A is a diagram to explain transmission under 

directional control; 

FIG.2B is a diagram illustrating a delay profile in the 
case illustrated In FIG.2A; 

FIG.3 is a block diagram illustrating a configuration 
of a communication terminal apparatus according 
to a first embodiment of the present invention; 
FIG.4A is a diagram Illustrating a delay profile to 
explain a radio reception method of the present 
invention; 

FIG.4B is a diagram illustrating a delay profile to 
explain a radio reception method of the present 
invention; 

FIG.4C is a diagram illustrating a delay profile to 
explain the radio reception method of the present 
invention; 

FIG. 5 is a block diagram illustrating a configuration 
of a communication terminal apparatus according 
to a second embodiment of the present invention; 
FIG.6 is a block diagram illustrating a configuration 
of a communication terminal apparatus according 
to a third embodiment of the present invention; 
FIG.7 is a block diagram illustrating a configuration 
of a communication terminal apparatus according 
to a fourth embodiment of the present invention; 
FIG. 8 is a block diagram illustrating another config- 
uration of the communication terminal apparatus 
according to the fourth embodiment of the present 
invention; 

FIG.9A is a diagram to explain a common control 
channel; and 

FIG.9B is another diagram to explain the common 
control channel. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] Embodiments of the present Invention will be 
described specifically below with reference to accompa- 
nying drawings. 

(First embodiment) 

[0013] FIG.3 is a block diagram illustrating a config- 
uration of a communication terminal apparatus accord- 
ing to the first embodiment of the present Invention. 
Herein it is assumed that dedicated physical channel 
(DPCH: traffic channel) signals are controlled with a 
transmission radiation pattern in a forward channel from 
a base station to a communication terminal. In addition 
only a reception side is described in the communication 
terminal apparatus illustrated in FIG.3. 
[0014] A directional controlled signal transmitted 
from the base station is received in radio reception cir- 
cuit 102 through antenna 101. Radio reception circuit 
1 02 performs amplification (gain control), downconvert- 
ing, and A/D conversion on a received signal. A/D con- 



verted data is despread in matched filters 103 and 104 
with respective spreading codes used in spreading in 
the base station. Herein, data of the traffic channel 
(DPCH) is despread in matched filter 103, and data of a 
5 common control channel (CCPCH) Is despread in 
matched filter 104. 

[0015] Two kinds of despread data are respectively 
output to demodulation circuits 105 and 106. In other 
words, a traffic channel signal, despread In matched fil- 

10 ter 103, is output to demodulation circuit 105 to be 
demodulated, and a common control channel signal, 
despread in matched filter 104, is output to demodula- 
tion circuit 106 to be demodulated. 
[0016] In demodulation circuit 1 05, sampling circuit 

75 1051 samples such a sample that a high correlation 
value is obtained in the despreading, in other words, a 
sample at a required timing. In addition, this timing is 
obtained in searcher 107 described later. 
[0017] Channel estimation is performed on each 

20 sample in channel estimation circuit 1053 using a 
known reference signal (for example, pilot signal) con- 
tained in the signal. Based on the channel estimate, 
coherent detection is performed. In other words, with 
respect to samples delayed in delay circuit 1 052, chan- 

25 nel estimates are multiplied in multiplier 1 054. 

[0018] RAKE combining circuit 1055 performs 
RAKE combining on coherent-detected samples. Com- 
bined data is output to decision circuit 1056, which per- 
forms bit decision. Thus received data is obtained. In 

30 addition, common control channel signals, output to 
demodulation circuit 106, are demodulated with the 
same processing as described above to obtain received 
data. 

[0019] Two kinds of data despread in matched fil- 
35 ters 103 and 104 are respectively output to received 
level measurement circuits 1071 and 1072 in searcher 
107. In other words, the traffic channel signal despread 
In matched filter 103 is output to received level meas- 
urement circuit 1071, and the common control channel 
40 signal despread in matched filter 104 is output to 
received level measurement circuit 1 072. 
[0020] Values measured in received level measure- 
ment circuits 1071 and 1072 are respectively output to 
delay profile generation circuits 1 073 and 1 074. In other 
45 words, a received level measured value of the traffic 
channel signal is output to delay profile generation cir- 
cuit, and a received level measured value of the com- 
mon control channel Is output to delay profile generation 
circuit 1074. 

so [0021] Delay profile generation circuits 1073 and 

1074 generate respective delay profiles by integrating 
for each reception timing. Obtained information is both 
output to correlation circuit 1075. Correlation circuit 

1075 performs correlation calculation on the traffic 
55 channel signal and common control channel signal 

using the information on respective delay profiles. 
[0022] A result of the correlation calculation is out- 
put to path selection circuit 1076 to perform a path 
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selection (finger selection). A selection result is output 
to reception timing determination circuit 1077, where 
according to a path selection result the reception timing 
is determined The reception timing is output to sam- 
pling circuit 1 051 in demodulation circuit 1 05 as the tim- 
ing required for the above-mentioned sampling. The 
reception timing is further output to sampling circuit 
1051 in demodulation circuit 106. 
[0023] The following explains the operation of the 
path selection in the communication terminal apparatus 
with the above-mentioned configuration. 
[0024] Data despread from the received signal is 
output to the received level measurement circuit in 
searcher 1 07. Received level measurement circuit 1 071 
receives the traffic channel signal despread in matched 
filter 103. Received level measurement circuit 1072 
receives the common control channel signal despread 
in matched filter 104. 

[0025] Received level measurement circuit 1071 
performs received level (power) measurement using the 
input despread traffic channel signal. Received level 
measurement circuit 1072 performs received level 
(power) measurement using the input despread com- 
mon control channel signal. The received level meas- 
urement is, for example, obtained from a square sum of 
a quadrature component and an in-phase component in 
quadrature modulated data. Further the level may be 
obtained by adding quadrature components or in-phase 
components over a predetermined interval on the same 
phase, and then obtaining the square sum. 
[0026] Thus measured received levels are respec- 
tively output from received level measurement circuits 
1071 and 1072 to delay profile generation circuits 1073 
and 1074. Delay profile generation circuit 1073 gener- 
ates ¥ delay r profile as illustrated in FIG.4 using received 
levels of the traffic channel signals. Delay profile gener- 
ation circuit 1074 generates a delay profile as illustrated 
in FIG.4B using received levels of the common control 
channel signals, it is assumed herein that in a forward 
traffic channel, paths are limited to paths a, b and c by 
the directional control in the base station. 
[0027] In the forward traffic channel, signals are 
generally transmitted from the base station with the 
transmit power control so that the communication termi- 
nal is capable of keeping a very limit received level pro- 
viding the required quality of a RAKE combined signal, 
whereby the received level per a path is extremely low. 
For example, as illustrated in FIG.4A, respective 
received levels of paths a, b and c are sometimes equal 
to or slightly higher than a threshold 2 to maintain the 
required quality (the threshold used not to select signals 
with levels lower than the threshold, which are consid- 
ered as noises). The received levels of paths a, b and c 
are not different so much from received levels of paths d 
and e of which signals are considered as noises. There- 
fore when the path selection is performed using the 
delay profile of the traffic channel, the reliability 
becomes low. 



[0028] On the other hand, in a forward common 
control channel, signals are transmitted from the base 
station so that the communication terminal is capable of 
receiving the signals with relatively high received levels. 

5 Therefore respective received levels of paths a, b and c 
are higher than a threshold 1 that is higher than the 
threshold 2. At this point, since the forward common 
control channel signals are not controlled with the trans- 
mission radiation pattern, paths d and e appear which 

w provide received levels exceeding the threshold 1 
besides paths a, b and c that are limited in the traffic 
channel. Accordingly when the path selection is per- 
formed using the delay profile of the common control 
channel, there is caused a possibility that a wrong path 

is is selected. 

[0029] These kinds of information indicative of 
respective delay profiles are output to correlation circuit 
1 075. Based on the respective delay profiles of the traf- 
fic channel and common control channel, correlation cir- 

20 curt 1075 performs the correlation calculation of 
averaged received levels for each reception timing, in 
other words, performs the correlation calculation 
between the delay profiles. As the correlation calcula- 
tion, for each path, the received level in the traffic chan- 

25 nel is multiplied by the received level in the common 
control channel. 

[0030] When the correlation calculation is thus per- 
formed between the delay profiles of the traffic channel 
and common control channel, it is possible to reduce 

30 effects of the paths d and e having higher received lev- 
els other than the paths a, b and c limited in the traffic 
channel. That is, as illustrated in FIG.4C, with respect to 
the paths a, b and c limited in the traffic channel, the 
respective receded levels become high. Meanwhile with 

35 respect to the paths d and e which are not limited in the 
traffic channel, but have high received levels in the delay 
profile of the common control channel, the respective 
received levels become low. 

[0031] Such a correlation calculation result is output 

40 to path selection circuit 1076, where the path selection 
is performed. At this point, the paths a, b and c limited in 
the traffic channel are selected. In addition, in the path 
selection, the number of paths to be selected is not par- 
ticularly limited. For example, it may be possible to 

45 select all such paths that the correlation calculation 
result exceeds a predetermined threshold, or it may be 
possible to select a path with the highest correlation cal- 
culation result or a number of paths in descending order 
of correlation calculation result 

so [0032] The path selection result indicative of the 
selected paths is output to reception timing determina- 
tion circuit 1077, which determines respective timings 
for the paths a, b and c. Reception timing determination 
circuit 1077 outputs determined reception timings to 

55 sampling circuit 1051 in demodulation circuit 105 and a 
sampling circuit in demodulation circuit 106. Each sam- 
pling circuit performs demodulation according to input 
reception timings. 



4 



7 



EP 1 065 795 A2 



8 



[0033] Thus, in the communication terminal appara- 
tus according to this embodiment, the correlation calcu- 
lation is performed between respective delay profiles of 
the traffic channel and common control channel, and 
thereby ft is possible to reduce effects of paths with 5 
higher received levels other than paths limited in the 
traffic channel. As a result, even if the transmission 
directional control is applied to forward traffic channel 
signals, it is possible to perform the path selection accu- 
rately with high reliability. 10 

(Second embodiment) 

[0034] This embodiment explains a case that pre- 
liminary selection is performed for paths on which the is 
correlation calculation between the delay profiles is per- 
formed. 

[0035] FIG.5 is a block diagram illustrating a config- 
uration of a communication terminal apparatus accord- 
ing to the second embodiment of the present invention. 20 
In addition, in the communication terminal apparatus 
illustrated in FIG.5, the same sections as in the commu- 
nication terminal apparatus illustrated in FIG.3 are given 
the same marks as in FIG.3 to omit specific explana- 
tions thereof. 25 
[0036] In the communication terminal apparatus 
according to this embodiment, searcher 301 has 
received level measurement circuits 301 1 and 301 2 that 
measure received levels of despread data, delay profile 
generation circuits 3013 and 3014 that generate so 
respective delay profiles of the channels based on 
respective measured results of the received levels, path 
candidate selection circuit 301 5 that selects path candi- 
dates from the delay profile of the traffic channel, corre- 
lation circuit 3016 that calculates the correlation 35 
between selected path candidates of the traffic channel 
and paths of the delay profile of the common control 
channel, path selection circuit 3017 that selects a path 
from the correlation calculation result, and reception 
timing determination circuit 3018 that determines a 40 
reception timing from the path selection result. 
[0037] The following explains the operation of the 
path selection in the communication terminal apparatus 
with the above-mentioned configuration. 
[0038] Data despread from the received signal is 45 
output to the received level measurement circuit In 
searcher 301. Received level measurement circuit 3011 
receives the traffic channel signal despread in matched 
filter 103. Received level measurement circuit 3012 
receives the common control channel signal despread so 
in matched filter 104. 

[0039] Received level measurement circuit 3011 
performs received level measurement using the input 
despread traffic channel signal. Received level meas- 
urement circuit 3012 performs received level measure- ss 
ment using the input despread common control channel 
signal. The received level measurement is, for example, 
obtained from a square sum of a quadrature component 



and an in-phase component In quadrature modulated 
data. 

[0040] The received level measured result of the 
traffic channel signal measured in received level meas- 
urement circuit 3011 is output to delay profile genera- 
tion circuit 3013, where the delay profile of the traffic 
channel is generated. The received level measured 
result of the common control channel signal measured 
in received level measurement circuit 3012 is output to 
delay profile generation circuit 3014, where the delay 
profile of the common control channel is generated. In 
addition, with respect to the common control channel, it 
may be possible to generate a delay profile containing 
only signals of timings selected by the path selection 
described later, not to generate the delay profile con- 
taining the signals of all the timings. 
[0041] The information on the delay profile of the 
traffic channel is output to path candidate selection cir- 
cuit 3015, where path candidates are selected. In the 
path candidate selection (preliminary selection), for 
example, two thresholds are provided. A path with a 
received level equal to or less than a lower threshold is 
not selected as a candidate. Another path with a 
received level equal to or more than a higher threshold 
is selected unconditionally, and the information thereon 
is output to path selection circuit 301 7. 
[0042] Then the other path with a received level 
less than the higher threshold and more than the lower 
threshold, in other words, a path of which the signal is 
difficult to discriminate from a noise (path with a 
received level higher than the threshold 2 and lower 
than the threshold 1 in FIG. 4) is selected as a path can- 
didate. The path candidate selection result is output to 
correlation circuit 301 6. 

[0043] The information on the delay profile of the 
common control channel is output to correlation circuit 
3016. Correlation circuit 3016 performs correlation cal- 
culation between the path in the delay profile of the 
common control channel and the path selected as the 
path candidate output from path candidate selection cir- 
cuit 301 5. As the correlation calculation, for example, for 
each path, the multiplication of the received level in the 
traffic channel by that in the common control channel is 
calculated. 

[0044] In the case where the correlation calculation 
Is thus performed between the path candidate in the 
traffic channel and the path In the delay profile of the 
common control channel, when the path candidate is 
the path limited in the traffic channel, the received level 
of such a path becomes high. 

[0045] The result indicative of such a correlation 
calculation is output to path selection circuit 3017 in 
searcher 301 , where the path selection is performed. At 
this point, the path selected based on the correlation 
calculation result and the path selected unconditionally 
in path candidate selection circuit 3015 are set as 
selected paths. In addition in the path selection, the 
number of paths to be selected is not limited In particu- 
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lar. For example, it may be possible to select all such 
paths that the correlation calculation result exceeds a 
predetermined threshold. Further it may be possible to 
add such an update algorithm on path selection that the 
path selected in this method is compared with a path 
conventionally selected (a path selected one update 
interval before), and only a certain number of paths (for 
example, only one path) are changed. 
[0046] The path selection result indicative of the 
selected paths is output to reception timing determina- 
tion circuit 3018, which determines respective timings 
for the selected paths. Reception timing determination 
circuit 301 8 outputs the determined reception timings to 
sampling circuit 1051 in demodulation circuit 105 and 
the sampling circuit in demodulation circuit 106. Each 
sampling circuit performs demodulation processing 
according to the input reception timings. 
[00471 Thus, in the communication terminal appara- 
tus according to this embodiment, when the correlation 
calculation is performed between the preliminary 
selected path candidate of the traffic channel and the 
path of the delay profile of the common control channel, 
only the received level of the path limited in the traffic 
channel becomes high. Therefore even if the transmis- 
sion directional control is applied to forward traffic chan- 
nel signals, it is possible to perform the path selection 
accurately with high reliability. In this case, since the 
correlation calculation is not performed on all the paths 
of the traffic channel, it is possible to reduce the calcu- 
lation amount, and to perform the path selection 
promptly. Further it is thereby possible to reduce a 
processing load on the apparatus. Furthermore, with 
respect to the delay profile of the common control chan- 
nel, it is possible to reduce the calculation amount by 
gen^erati'nglhi deTaylDath profile ^lohfeining only tfie^ 
paths preliminary selected in the traffic channel. 

(Third embodiment) 

[0046] In the second embodiment, it Is assumed 
that a channel on which the path candidate selection is 
performed is the traffic channel. However, there is con- 
sidered a condition that the traffic channel is not appro- 
priate as a channel on which the path candidate 
selection is performed. For example, in the case where 
a received signal in the traffic channel has a low SIR 
due to the transmit power control, or the received level 
per one path is extremely low due to a large number of 
multipaths, it is difficult to perform the preliminarily 
selection with high reliability. Therefore this embodiment 
explains a case that a channel on which the path prelim- 
inary selection is performed is switched. 
[0049] FIG.6 is a block diagram illustrating a config- 
uration of a communication terminal apparatus accord- 
ing to the third embodiment of the present invention. In 
addition, in the communication terminal apparatus illus- 
trated in FIG.6, the same sections as in the communica- 
tion terminal apparatus illustrated in FIG.3 are given the 



same marks as in F1G.3 to omit specific explanations 
thereof. 

[0050] In the communication terminal apparatus 
according to this embodiment,, searcher 401 has 

5 received level measurement circuits 401 1 and 401 2 that 
measure received levels of despread data, delay profile 
generation circuits 4015 to 4017 that generate delay 
profiles based on measured results of the received lev- 
els, path candidate selection circuit 4018 that selects 

10 path candidates from the received level measured 
results on each channel, correlation circuit 4013 that 
calculates the correlation between a path in a channel 
on which the path candidate selection is performed and 
a path of a delay profile of another channel, path selec- 
ts tion circuit 401 9 that selects a path from the correlation 
calculation result, reception timing determination circuit 
4020 that determines a reception timing from the path 
selection result, and switch 4014 that switches a chan- 
nel on which the path candidate selection is performed. 

20 [0051] The following explains the operation of the 
path selection in the communication terminal apparatus 
with the above-mentioned configuration. 
[0052] Data despread from the received signal is 
output to the received level measurement circuit in 

25 searcher 401 . Received level measurement circuit 401 1 
receives the traffic channel signal despread in matched 
filter 103. Received level measurement circuit 4012 
receives the common control channel signal despread 
in matched filter 104. 

30 [0053] Received level measurement circuit 4011 
performs received level measurement using the input 
despread traffic channel signal. Received level meas- 
urement circuit 4012 performs received level measure- 
ment using the input despread common control channel 

35 signal. The received level measurement is, for example, 
obtained from a square sum of a quadrature component 
and an in-phase component in quadrature modulated 
data. 

[0054] When the path candidate selection is per- 

40 formed on the traffic channel, the received level of the 
traffic channel signal measured in received level meas- 
urement circuit 401 1 is output to delay profile genera- 
tion circuit 4015, where the delay profile is generated 
based on the received level. The information on the 

45 delay profile is output to path candidate selection circuit 
4018 to select path candidates. 
[0055] On the other hand, when the path candidate 
selection is performed on the common control channel, 
the received level of the common control channel signal 

so measured in received level measurement circuit 401 2 is 
output to delay profile generation circuit 4015, where 
the delay profile is generated based on the received 
level. The information on the delay profile is output to 
path candidate selection circuit 4016 to select path can- 

55 didates. The path candidate selection is performed by 
switching a channel as appropriate with switch 4014. 
When the path candidate selection is performed on 
either channel, it is possible to set the channel as appro- 
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priate based on, for example, received qualities of both 
channels such as SIR and the number of path candi- 
dates. 

[0056] In addition, with respect to the channel on 
which the path candidate selection is performed, it may 
be possible to generate a delay profile containing only 
signals of timings selected by the path selection, not to 
generate the delay profile containing the signals of all 
the timings. 

[0057] For example, received level measurement 
circuits 4011 and 4012 measure SIR, and switching of 
switch 401 4 is controlled in such a way as to perform the 
path candidate selection on a channel with a lower SIR 
value. When the switching of switch 4014 is performed 
with the number of path candidates, the switching of 
switch 4014 is controlled in such a way as to perform the 
path candidate selection on a channel with the more 
number of path candidates in path candidate selection 
circuit 401 8. 

[0058] In addition the path candidate selection 
method is the same as in the second embodiment 
[0059] With respect to received levels in the chan- 
nel on which the path candidate selection is not per- 
formed, those in the traffic channel are output to delay 
profile generation circuit 401 6, where the delay profile is 
generated based on the received levels. Received lev- 
els in the common control channel are output to delay 
profile generation circuit 401 7, where the delay profile is 
generated based on the received levels. The Informa- 
tion on these delay profiles is output to correlation circuit 
4013. Correlation circuit 4013 performs the correlation 
calculation between the path in the delay profile and the 
path selected by the path candidate selection output 
from path candidate selection circuit 401 8. As the corre- 
lation calculation, for example, for each path, the multi- 
plication of the received level in the traffic channel by 
that in the common control channel is calculated. 
[0060] In the case where the correlation calculation 
is thus performed between the path candidate and the 
path in the delay profile, when the path candidate is the 
path limited in the traffic channel, the received level of 
such a path becomes high. 

[0061] The result indicative of such a correlation 
calculation is output to path selection circuit 4019, 
where the path selection is performed. At this point, the 
path selected based on the correlation calculation result 
and the path selected unconditionally in path candidate 
selection circuit 401 8 are set as selected paths. In addi- 
tion in the path selection, the number of paths to be 
selected is not limited in particular. For example, it may 
be possible to select all such paths that the correlation 
calculation result exceeds a predetermined threshold. 
Further it may be possible to add such an update algo- 
rithm on path selection that the path selected in this 
method is compared with a path conventionally selected 
(a path selected one update interval before), and only a 
certain number of paths (for example, only one path) 
are changed. 



[0062] The path selection result indicative of the 
selected paths is output to reception timing determina- 
tion circuit 4020, which determines respective timings 
for the selected paths. Reception timing determination 

5 circuit 4020 outputs the determined reception timings to 
sampling circuit 1051 in demodulation circuit 105 and 
the sampling circuit in demodulation circuit 106. Each 
sampling circuit performs demodulation processing 
according to the input reception timings. 

io [0063] Thus, in the communication terminal appara- 
tus according to this embodiment, when the correlation 
calculation Is performed between the preliminary 
selected path candidate of the traffic channel and the 
path of the delay profile of the common control channel, 

is only the received level of the path limited in the traffic 
channel. Therefore even if the transmission directional 
control Is applied to forward traffic channel signals, it is 
possible to perform the path selection accurately with 
high reliability. In this case, it is possible to switch the 

20 channel on which the path candidate selection is per- 
formed, as appropriate corresponding to communica- 
tion environment or others, enabling the path selection 
to be performed with higher reliability. 

25 (Fourth embodiment) 

[0064] While the first to third embodiments describe 
the case that the correlation calculation is always per- 
formed, there is considered another case that a base 
30 station does not perform transmission directional con- 
trol, for example, when communication is started, or 
synchronization acquisition is performed again due to 
synchronization shift. In this case, it is preferable to per- 
form ordinary path selection. Therefore this embodi- 
es ment describes a case of switching a searcher that 
performs the correlation calculation corresponding to 
the presence or absence of the transmission directional 
control and an ordinary searcher. 
[0065] FIG.7 is a block diagram illustrating a config- 
40 u ration of a communication terminal apparatus accord- 
ing to the fourth embodiment of the present invention. In 
addition, in the communication terminal apparatus illus- 
trated in FIG.7, the same sections as in the communica- 
tion terminal apparatus illustrated in FIG.3 are given the 
45 same marks as in FIG.3 to omit specific explanations 
thereof. 

[0066] The communication terminal apparatus 
according to this embodiment comprises searcher 107 
that has received level measurement circuits 1071 and 

so 1072 that measure received levels of despread data, 
delay profile generation circuits 1073 and 1074 that 
generate delay profiles based on the received levels, 
correlation circuit 1075 that calculates the correlation 
between paths of the delay profiles, path selection cir- 

55 curt 1 076 that selects a path from the correlation calcu- 
lation result, and reception timing determination circuit 
1077 that determines a reception timing from the path 
selection result, and searcher 501 that has received 
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level measurement circuit 5011 that measures a 
received level of despread data, delay profile generation 
circuits 501 2 that generates a delay profile based on the 
received level, path selection circuit 5013 that selects a 
path from the delay profile, and reception timing deter- 5 
mination circuit 5014 that determines a reception timing 
from the path selection result 

[0087] Further the communication terminal appara- 
tus according to this embodiment has switch 502 that 
controls an input of the despread data of the traffic w 
channel to searcher 107, and switch 503 that controls 
an input of the despread data of the common control 
channel to searcher 501 . 

[0088] The following explains the operation of the 
path selection in the communication terminal apparatus 15 
with the above-mentioned configuration. 
[0089] When communication is started or synchro- 
nization acquisition is performed again due to synchro- 
nization shift, switch 503 is switched so that searcher 
501 operates. Switch 502 is switched not to output the 20 
despread data to searcher 1 07. 
[0070] Data despread from the received common 
control channel signal is output to received level meas- 
urement circuit 501 1 In searcher 501. Received level 
measurement circuit 5011 performs received level 25 
measurement using the common control channel sig- 
nal. This value measured in received level measure- 
ment circuit 501 1 is output to delay profile generation 
circuit 501 2. Delay profile generation circuit 5012 gener- 
ates the delay profile of the common control channel 30 
based on the received level measured value. 
[0071] The information on the delay profile is output 
to path selection circuit 5013, where the path selection 
is performed using the information on the delay profile. 
The^patii selecti6ri~result is "output to reception timing 35 
determination circuit 5014, where the reception timing is 
determined using the path selection result The deter- 
mined reception timing Is output to sampling circuits 
1051 in demodulation circuits 105 and 106 to be used 
as a timing for demodulation processing. 40 
[0072] On the other hand, when the base station 
performs the transmission directional control, switch 
503 is switched so that searcher 1 07 operates. Further 
switch 502 is switched to output the despread data to 
searcher 1 07. The path selection operation in this case 45 
is the same as in the first embodiment In addition infor- 
mation on "ON/OFP of the transmission directional 
control is notified to communication terminals, for exam- 
ple, using control signals of the common control chan- 
nel and traffic channel. FIG.7 illustrates a configuration so 
in which such information is broadcast using the com- 
mon control channel, and using a signal indicative of the 
information, the switches are switched. 
[0073] Thus the operations of the searchers are 
switched corresponding to "ON/OFP of the transmis- 55 
sion directional control, whereby it is possible to perform 
correct path selection adaptively while following the 
control of the base station. 



[0074] Further while searchers 107 and 501 are 
both provided in the above-mentioned configuration, as 
illustrated in FIG.8, provision of switches 601 and 602 
enables delay profile generation circuit 1074 to be 
shared as delay profile generation circuits 1074 and 
5012 in FIG.7. 

[0075] In the above-mentioned first to fourth 
embodiments, as illustrated in FIG.9A, the common 
control channel (CCPCH) may be a channel in which a 
known reference signal (for example, pilot signal) 702 is 
intermittently inserted, for example, a perch channel, or 
as illustrated in FIG.9B, may have a configuration in 
which a channel for the known reference signal, for 
example, pilot channel 703, and data channel 704 are 
code-multiplexed. 

[0076] The present invention is not limited to the 
above-mentioned first to fourth embodiments, and it 
may be possible to perform various modifications to 
practice. For example, it may be possible to set to inde- 
pendently control respective time constants of respec- 
tive delay profiles of the traffic channel and common 
control channel, for example, integration times in gener- 
ating the delay profile or filtering coefficients in filtering 
with an IIR filter. 

[0077] Further while the above-mentioned first to 
fourth embodiments describe the case of generating the 
delay profile using the common control channel (com- 
mon physical channel for the purpose of common con- 
trol), the present invention may be applicable to a case 
of generating the delay profile using the common physi- 
cal channel since the common control channel is one 
aspect of the common physical channel. 
[0078] Furthermore while the above-mentioned first 
to Jourth jembpcfirnen case of using, as 

the common control channel, CCPCH (Common Con- 
trol Physical CHannel including Primary-CCPCH and 
Secondary-CCPCH in W-CDMA), the present invention 
may be applicable to a case of using, as the common 
control channel, CPICH (Common Pilot CHannel), and 
the CCPCH may include a plurality of physical chan- 
nels. 

[0079] Furthermore it may be possible to combine 
the above-mentioned first to fourth embodiments as 
appropriate to practice. 

[0080] The communication terminal apparatus of 
the present invention adopts a configuration having a 
measurement section that measures respective 
received levels of respective despread signals of the 
common control channel and the transmission direc- 
tional controlled dedicated physical channel at respec- 
tive reception timings, a delay profile generation section 
that generates respective delay profiles based on 
respective measured results, a calculation section that 
performs correlation calculation between a received 
level in the dedicated physical channel and another 
received level in the common control channel, and a 
determination section that selects a path from a result of 
the correlation calculation to determine a reception tim- 
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ing of the path. 

[0081] According to this configuration, in the case 
where forward transmission directional control is 
applied using, for example, a smart antenna and adap- 
tive array antenna, since the communication terminal s 
apparatus performs the correlation calculation between 
a delay profile of the dedicated physical channel and a 
delay profile of the common control channel, it is possi- 
ble to perform path selection (finger selection) accu- 
rately with high reliability corresponding to the io 
transmission directionality provided on the traffic chan- 
nel. 

[0082] The communication terminal apparatus of 
the present invention adopts a configuration having a 
measurement section that measures respective is 
received levels of respective despread signals of the 
common control channel and the transmission direc- 
tional controlled dedicated physical channel at respec- 
tive reception timings, a delay profile generation section 
that generates respective delay profiles based on 20 
respective measured results, a preliminary selection 
section that selects a path candidate at a reception tim- 
ing of one channel, a calculation section that performs 
correlation calculation between a received level in a 
selected path candidate and another received level in 25 
another channel, and a determination section that 
selects a path from a result of the correlation calculation 
to determine a reception timing of the path. 
[0083] According to this configuration, since the 
path candidate at the reception timing of one channel is 30 
selected preliminarily, it is possible to decrease a calcu- 
lation amount of received level measurement on 
another channel and a calculation amount of the corre- 
lation calculation between both channel signals, and 
therefore to reduce a processing load on the apparatus. 35 
[0084] The communication terminal apparatus of 
the present invention adopts a configuration having a 
first searcher including a measurement section that 
measures respective received levels of respective 
despread signals of the common control channel and ao 
the transmission directional controlled dedicated physi- 
cal channel at respective reception timings, a delay pro- 
file generation section that generates respective delay 
profiles based on respective measured results, a calcu- 
lation section that performs correlation calculation 45 
between a received level in the dedicated physical 
channel and another received level in the common con- 
trol channel, and a determination section that selects a 
path from a result of the correlation calculation to deter- 
mine a reception timing of the path, a second searcher so 
including a measurement section that measures a 
received level of a despread signal of the common con- 
trol channel, a delay profile generation section that gen- 
erates a delay profile based on a measured result, and 
a determination section that selects a path using the ss 
received level of the common control channel to deter- 
mine a reception timing of the path, and a second switch 
that switches the first searcher and the second searcher 



corresponding to the presence or absence of the trans- 
mission directional control. 

[0085] According to this configuration, it is possible 
to perform accurate path selection adapt'rvely while fol- 
lowing the control of a base station, by switching 
between operations of the searchers. 
[0086] The communication terminal apparatus of 
the present invention adopts a configuration having a 
first searcher including a measurement section that 
measures respective received levels of respective 
despread signals of the common control channel and 
the transmission directional controlled dedicated physi- 
cal channel at respective reception timings, a delay pro- 
file generation section that generates respective delay 
profiles based on respective measured results, a pre- 
liminary selection section that selects a path candidate 
at a reception timing of one channel, a calculation sec- 
tion that performs correlation calculation between a 
received level of a selected path candidate and another 
received level in another channel, and a determination 
section that selects a path from a result of the correla- 
tion calculation to determine a reception timing of the 
path, a second searcher including a measurement sec- 
tion that measures a received level of a despread signal 
of the common control channel, a delay profile genera- 
tion section that generates a delay profile based on a 
measured result, and a determination section that 
selects a path using the received level of the common 
control channel to determine a reception timing of the 
path, and a second switch that switches the first 
searcher and the second searcher corresponding to the 
presence or absence of the transmission directional 
control. 

[0087] According to this configuration, it is possible 
to perform accurate path selection adapt'rvely while fol- 
lowing the control of a base station, by switching 
between operations of the searchers. Further since the 
path candidate at the reception timing of one channel is 
selected preliminarily, it is possible to decrease a calcu- 
lation amount of received level measurement on 
another channel and a calculation amount of the corre- 
lation calculation between both channel signals, and 
therefore to reduce a processing load on the apparatus. 
[0088] Furthermore in the present invention, it is 
preferable to provide the apparatus with a first switch 
that switches a channel on which a path candidate is 
selected. 

[0089] According to this constitution, since It is pos- 
sible to switch a channel on which the path candidate 
selection is performed as appropriate corresponding to, 
for example, communication environment, it is possible 
to perform the path selection with higher reliability. 
[0090] A radio reception method of the present 
invention has the measurement step of measuring 
respective received levels of respective despread sig- 
nals of the common control channel and the transmis- 
sion directional controlled dedicated physical channel at 
respective reception timings, the delay profile genera- 
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tion step of generating respective delay profiles based 
on respective measured results, the calculation step of 
performing correlation calculation between a received 
level in the dedicated physical channel and another 
received level in the common control channel, and the 5 
determination step of selecting a path from a result of 
the correlation calculation to determine a reception tim- 
ing of the path. 

[0091] According to this configuration, in the case 
where forward transmission directional control is io 
applied using, for example, a smart antenna and adap- 
tive array antenna, since the communication terminal 
apparatus performs the correlation calculation between 
a delay profile of the dedicated physical channel and a 
delay profile of the common control channel, it is possi- is 
ble to perform path selection (finger selection) accu- 
rately with, high reliability corresponding to the 
transmission directionality provided on the dedicated 
physical channel. 

[0092] The radio reception method of the present 20 
invention has the measurement step of measuring 
respective received levels of respective despread sig- 
nals of the common control channel and the transmis- 
sion controlled dedicated physical channel at respective 
reception timings, the delay profile generation step of 25 
generating respective delay profiles based on respec- 
tive measured results, the preliminary selection step of 
selecting a path candidate at a reception timing of one 
channel, the calculation step of performing correlation 
calculation between a received level of a selected path 30 
candidate and another received level in another chan- 
nel, and the determination step of selecting a path from 
a result of the correlation calculation to determine a 
reception timing of the path. 

[0093] ^According to this configuration, since the 35 
path candidate at the reception timing of one channel is 
selected preliminarily, it is possible to decrease a calcu- 
lation amount in the con-elation calculation, and there- 
fore to reduce a processing load on the apparatus. 
[0094] As described above, in the communication ao 
terminal apparatus and radio reception method of the 
present invention, in the case where forward transmis- 
sion directional control is applied using, for example, a 
smart antenna and adaptive array antenna, since the 
communication terminal apparatus performs the corre- 45 
lation calculation between a delay profile of the traffic 
channel and a delay profile of the common control chan- 
nel, it is possible to perform path selection (finger selec- 
tion) accurately with high reliability corresponding to the 
transmission directionality provided on the traffic chan- so 
nel. 

[0095] The present invention is not limited to the 
above described embodiments, and various variations 
and modifications may be possible without departing 
from the scope of the present invention. 55 
[0096] This application is based on the Japanese 
Patent Application No.H El 11-189093 filed on July 2, 
1999, entire content of which is expressly incorporated 



by reference herein. 
Claims 

1 . A communication terminal apparatus comprising: 

measurement means (1071,1072) for measur- 
ing respective received levels of respective 
despread signals of a common control channel 
and a transmission directional controlled dedi- 
cated physical channel at respective reception 
timings; 

delay profile generation means (1 073,1074) for 
generating respective delay profiles based on 
respective measured results; 
calculation means (1075) for performing corre- 
lation calculation between a received level in 
the dedicated physical channel and another 
received level in the common control channel; 
and 

determination means (1077) for selecting a 
path from a.resuit of the correlation calculation 
to determine a reception timing of the path. 

2. A communication terminal apparatus comprising: 
measurement means (3011,3012) for measuring 
respective received levels of respective despread 
signals of a common control channel and a trans- 
mission directional controlled dedicated physical 
channel at respective reception timings; 

delay profile generation means (3013,3014) for 
generating respective delay profiles based on 
respective measured results; 
preliminary selection means (3015) for select- 
ing a path candidate at a reception timing of 
one channel; 

calculation means (3016) for performing corre- 
lation calculation between a received level of a 
selected path candidate and another received 
level in another channel; and 
determination means (3018) for selecting a 
path from a result of the correlation calculation 
to determine a reception timing of the path. 

3. A communication terminal apparatus comprising: 

a first searcher (1 07) having: 

measurement means (1071,1072) for 
measuring respective received levels of 
respective despread signals of a common 
control channel and a transmission direc- 
tional controlled dedicated physical chan- 
nel at respective reception timings; 
delay profile generation means 
(1073,1074) for generating respective 
delay profiles based on respective meas- 
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ured results; 

calculation means (1075) for performing 
correlation calculation between a received 
level in the dedicated physical channel and 
another received level in the common con- s 
trol channel; and 

determination means (1 077) for selecting a 
path from a result of the correlation calcu- 
lation to determine a reception timing of 
the path; 10 

a second searcher (501) having: 

measurement means (501 1 ) for measuring 
a received level of a despread signal of the 75 
common control channel; 
delay profile generation means (5012) for 
generating a delay profile based on a 
measured result; and 

determination means (501 4) for selecting a 20 
path using the received level of the com- 
mon control channel to determine a recep- 
tion timing of the path, and 



measurement means (501 1) for measuring 
a received level of a despread signal of the 
common control channel; 
delay profile generation means (5012) for 
generating a delay profile based on a 
measured result; and 

determination means (5014) for selecting a 
path using the received level of the com- 
mon control channel to determine a recep- 
tion timing of the path, and 

a second switch (503) that switches the first 
searcher and the second searcher correspond- 
ing to presence or absence of transmission 
directional control. 

5. The communication terminal apparatus according 
to claim 2, further comprising: 

a first searcher that switches a channel on 
which the path candidate is selected. 

6. A radio reception method comprising: 



a second switch (503) that switches the first 25 
searcher and the second searcher correspond- 
ing to presence or absence of transmission 
directional control. 

A communication terminal apparatus comprising: 30 

a first searcher (1 07) having: 

measurement means (1071,1072) for 
measuring respective received levels of 3S 
respective despread signals of a common 
control channel and a transmission direc- 
tional controlled dedicated physical chan- 
nel at respective reception timings; 
delay profile generation means 40 
(1073,1074) for generating respective 
delay profiles based on respective meas- 
ured results; 

preliminary selection means for selecting a 
path candidate at a reception timing of one 45 
channel; 

calculation means (1075) for performing 
correlation calculation between a received 
level of a selected path candidate and 
another received level in another channel; so 
and 

determination means (1077) for selecting a 
path from a result of the correlation calcu- 
lation to determine a reception timing of 
the path; 55 

a second searcher (501) having: 



the measurement step of measuring respective 
received levels of respective despread signals 
of a common control channel and a transmis- 
sion directional controlled dedicated physical 
channel at respective reception timings; 
the delay profile generation step of generating 
respective delay profiles based on respective 
measured results; 

the calculation step of performing correlation 
calculation between a received level in the ded- 
icated physical channel and another received 
level in the common control channel; and 
the determination step of selecting a path from 
a result of the correlation calculation to deter- 
mine a reception timing of the path. 

7. A radio reception method comprising: 

the measurement step of measuring respective 
received levels of respective despread signals 
of a common control channel and a transmis- 
sion directional controlled dedicated physical 
channel at respective reception timings; 
the delay profile generation step of generating 
respective delay profiles based on respective 
measured results; 

the preliminary selection step of selecting a 
. path candidate at a reception timing of one 
channel; 

the calculation step of performing correlation 
calculation between a received level of a 
selected path candidate and another received 
level in another channel; and 
the determination step of selecting a path from 
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mine a reception timing of the path. 
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